Inflammatory cytokines are important regulators of metabolism and food intake. Over production of inflammatory cytokines during bacterial and viral infections leads to anorexia and reduced food intake. However, it remains unclear whether any inflammatory cytokines are involved in the regulation of taste reception, the sensory mechanism governing food intake. Previously, we showed that tumor necrosis factor (TNF), a potent proinflammatory cytokine, is preferentially expressed in a subset of taste bud cells. The level of TNF in taste cells can be further induced by inflammatory stimuli. To investigate whether TNF plays a role in regulating taste responses, in this study, we performed taste behavioral tests and gustatory nerve recordings in TNF knockout mice. Behavioral tests showed that TNF-deficient mice are significantly less sensitive to the bitter compound quinine than wild-type mice, while their responses to sweet, umami, salty, and sour compounds are comparable to those of wild-type controls. Furthermore, nerve recording experiments showed that the chorda tympani nerve in TNF knockout mice is much less responsive to bitter compounds than that in wild-type mice. Chorda tympani nerve responses to sweet, umami, salty, and sour compounds are similar between TNF knockout and wild-type mice, consistent with the results from behavioral tests. We further showed that taste bud cells express the two known TNF receptors TNFR1 and TNFR2 and, therefore, are potential targets of TNF. Together, our results suggest that TNF signaling preferentially modulates bitter taste responses. This mechanism may contribute to taste dysfunction, particularly taste distortion, associated with infections and some chronic inflammatory diseases.
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Introduction
Taste is the sensory system for detecting nutrients and potentially harmful substances in food and drink and, therefore, plays important roles in guiding food intake. Among the five basic taste modalities, sweet and umami tastes detect sugars and amino acids, respectively, and are generally preferred. Bitter taste recognizes toxins and noxious compounds and elicits avoidance behavior. Acids and salts are detected by sour and salt taste mechanisms. Recent research has made rapid progress in understanding taste receptors and signaling pathways, particularly for sweet, umami, and bitter tastes (Breslin and Huang, 2006; Chandrashekar et al., 2006; Liman et al., 2014) . What remain largely unclear, however, are the regulatory mechanisms that modulate taste responses or taste bud structure under diverse physiological and pathological conditions.
Inflammation is likely one of such regulatory mechanisms. Many diseases with underlying inflammation, such as infections and autoimmune ailments, are associated with taste alterations (Bromley and Doty, 2003; Pribitkin et al., 2003; Schiffman, 1983) . Taste alterations can occur as taste loss (lacking or reduced taste reception) or taste distortion (e.g. persistent bitter or metallic taste in the mouth) (Brand, 2000; Bromley, 2000) . In animal models, induced inflammation has been shown to affect taste responses and taste bud structure (Cavallin and McCluskey, 2005; Cohn et al., 2010; Phillips and Hill, 1996) . How inflammation exerts its effects on taste reception or taste bud structure has not been fully elucidated. Inflammation is an immune response to infection, tissue damage, and stress. In addition to its roles in regulating immunity and tissue repair, inflammation can strongly affect metabolism and food intake (Forsythe et al., 2008; Hotamisligil, 2006 
